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[57] ABSTRACT 

The invention relates to an electro-optical device for 
optically scanning an information carrier, comprising a 
stationary frame, a movable optical holder, in which an 
objective having an optical axis is eccentrically 
mounted, a first electromagnetic actuator for translating 
the optical holder along a pivotal axis and a second 
electromagnetic actuator for pivoting the optical holder 
about this pivotal axis. Each of the actuators comprises 
a first actuator element secured to the frame and a sec- 
ond actuator element secured to the holder, the first and 
the second actuator elements cooperating with each 
other *via air gaps. The optical holder is formed with a 
bore which extends parallel to the optical axis and in 
which the second actuator element of the second actu- 
tor is secured and in which the first actuator element 
which cooperate with said second actuator element 
extends with clearance. The second actuator element of 
the second actuator also functions as the balancing 
mass. 

11 Claims, 1 Drawing Sheet 
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DEVICE FOR OPTICALLY SCANNING AN 
INFORMATION CARRIER 

BACKGROUND OF THE INVENTION 5 

The invention relates to an electro-optical device for 
optically scanning an information carrier, comprising a 
stationary frame, a movable optical holder in which an 
objective having an optical axis is eccentrically 
mounted, which holder is translatable along and pivot- 10 
able about a pivotal axis which extends parallel to and is 
spaced from the optical axis, which holder is further 
provided with a balancing mass, bearing or supporting 
means for movably supporting the optical holder, and a 
first electromagnetic actuator means for translating the 15 
optical holder along the pivotal axis and a second elec- 
tromagnetic actuator means for pivoting the optical 
holder about the pivotal axis, each of the actuator 
means comprising a first actuator element secured to the 
frame and a second actuator element secured to the 20 
holder, the first actuator element and the second actua- 
tor element being adapted to cooperate with each other 
via air gaps. 

Electro-optical devices of this type are known in 
many versions, for example from European Patent Ap- 25 
plication EP-A 0,121,857 (herewith incorporated by 
reference), to which U.S. Pat. No. 4,566,089 corre- 
sponds. The electro-optical device known from said 
Patent Application is intended for use in an optical-disc 
player. The electro-optical device enables recording 30 
tracks to be recorded in and/or to be read from a re- 
cording surface of an optical disc by means of a radia- 
tion beam which is produced by a laser source and 
which is concentrated to form a radiation spot. The 
holder of the electro-optical device, which is of rectan- 35 
gular construction, is movably suspended relative to the 
frame with the aid of flexible bearing means in the form 
of four springs having two bends each. A coil is ar- 
ranged around the holder to enable the holder to be 
translated along the optical axis of the objective to 40 
maintain the radiation spot constantly in focus on the 
recording surface of the optical disc. The translational 
movements of the objective will be referred to hereinaf- 
ter as focussing movements. 

In addition to said focussing movements of the objec- 45 
tive radial and tangential movements are necessary for 
exactly positioning the light spot relative to the tracks 
on the disc, which movements are generally referred to 
as radial and tangential tracking movements. In order to 
produce the radial tracking movements a further coil is 50 
arranged on the afore-mentioned coil at each of the four 
corners of the holder. Said coils all cooperate magneti- 
cally with magnets arranged on the stationary frame. 
When the objective performs a radial tracking move- 
ment the holder is rotated about an additional bearing 55 
means comprising a spindle which is secured to the 
frame and a bearing bush which is mounted in the 
holder so as to be movable relative to said spindle. 

A disadvantage of the known electro-optical device is 
that its construction necessitates the use of an additional 60 
element serving as a balancing mass in order to guaran- 
tee a reliable operation of the device. Obviously such an 
additional element results in an increase in weight of the 
holder and consequently an increasee in the power 
needed for the focussing and radial tracking move- 65 
merits. Moreover, this necessitates the use of coils 
which are heavier than is strictly necessary, which leads 
to a further increase in weight of the entire holder and 
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which may increase in weight of the entire holder and 
which may also result in an unnecessarily large amount 
of heat being generated. 

European Patent Application EP-A 0,063,934 (here- 
with incorporated by reference), to which with U.S. 
Pat. No. 4,467,463 corresponds, describes another con- 
struction of the electro-optical device defined in the 
opening paragraph. This known device employs an 
objective comprising a plurality of lenses, which objec- 
tive is mounted in a holder which is pivotable about a 
spindle journalled in a frame and which is translatable 
along this spindle. The holder is provided with a mag- 
net which extends in an opening of a coil former pro- 
vided with coils in such a way that magnetic forces 
which act parallel to or transversely of said spindle are 
exerted on the magnet when the coils are driven selec- 
tively. Said forces serve to provide the focussing move- 
ments and the tracking movements of the objective. A 
disadvantage of this known device is that the point of 
action of the magnetic forces intended for the focussing 
movements is spaced from the axis of rotation, which is 
liable to give rise to tilting effects between the holder 
and the spindle during focussing of the objective, which 
may impair a correct operation of the device. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an electro- 
optical device of the type defined in the opening para- 
graph, in which such steps have been taken that the 
necessary focussing movements and the radial or tan- 
gential movements of the objective can be performed in 
an accurate and reliable manner using a limited power. 

To this end the electro-optical device in accordance 
with the invention is characterized in that the optical 
holder is formed with a bore which extends parallel to 
the optical axis, in which bore the second actuator ele- 
ment of the second actuator means is secured and in 
which the first actuator element of the second actuator 
means, which is adapted to cooperate with said second 
actuator element, extends with clearance, and in that 
the second actuator element of the second actuator 
means also functions as a balancing mass, the pivotal 
axis extending between the objective and the relevant 
second actuator element. 

The electro-optical device in accordance with the 
invention is very suitable for use as a "2D actuator", in 
which the holder is movable along the pivotal axis for 
the focussing movements of the objective and in which 
the holder is pivotable about the pivotal axis for the 
purpose of radial or tangential tracking. 

Since the electro-optical device in accordance with 
the invention, in particular the holder, cannot only be of 
symmetrical but also of a very compact and light- 
weight construction, the power necessary for produc- 
ing said movements of the objective can be substantially 
smaller than in the known devices. A low power con- 
sumption is of particular importance when the device is 
employed in portable equipment, such as portable com- 
pact-disc players. An additional advantage of a low 
power consumption is the small amount of heat gener- 
ated in the coils during use, so that there will be hardly 
any problems in disposing of the heat. 

In the device according to the invention, the two said 
actuator means are electromagnetically isolated from 
each other, which yields the important advantage that 
the dimensions of the air gap in each of the individual 
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actuator means can be optimized, enabling an optimum 
efficiency of the magnetic circuit to be obtained. 

A suitable embodiment of the invention is character- 
ized in that the first actuator element of the second 
actuator means is a magnet which is secured to the 5 
frame and which has a magnetic axis which extends 
transversely of the optical 'axis, and in that the second 
actuator element of the second enables the torques 
needed for said tracking movements of the objective to 
be produced by means of only one coil. The known 10 
devices require the use of at least two coils for this 
purpose, from the point of view of production engineer- 
ing it is favourable to construct said coil as a cylindrical 
coil. 

A very suitable embodiment of the invention ui 1J 
which the bearing means comprise at least four filamen- 
tary resilient elements or wires which each have one 
end secured to the optical holder and the other end to 
the frame, is characterized in that the filamentary ele- 
ments, which are substantially straight in the unloaded 
condition and which are preferably all arranged at the 
same side of the optical holder, are arranged in pairs 
which are each disposed in a plane which extends at 
least substantially transversely of the pivotal axis, the ^ 
elements of each pair being further disposed so as to 
diverge relative to each other from the optical holder 
towards the frame. Said filamentary elements support 
the holder with the objective to anable it to be moved 
along the optical axis to provide the necessary focussing 3Q 
movements. It is to be noted that the term "filamentary 
elements" is to be understood to mean elements which 
are elongate in relation to their thickness and which 
may be of circular, rectangular or any cross-sectional 
shape. 35 

Suitably, this embodiment is characterized further in 
that the pairs of elements each have a mathematical 
point of intersection situated on the pivotal axis. 

The above arrangement of the filamentary elements 
results in a system which has the surprising property 
that the filamentary elements together may be regarded 
as compliant in specifc desired directions and may be 
characterized as stiff in other desired directions. The 
property intended here will be illustrated by means of 
an orthogonal system of axes XYZ, of which the Z axis 45 
is thought to extend along the pivotal axis of the holder. 
For the purpose of focussing, the holder with the objec- 
tive must be movable along the Z axis and for the pur- 
pose of tracking it must be pivotable to a limited extent 
about the Z axis. These movements which are required 50 
for the holder can be carried out very effectively by 
means of said system of filamentary elements, because 
together the filamentary elements are compliant in di- 
rections parallel to the Z axis and, moreover, permit 
pivotal movements about the Z axis. In this respect it is 55 
important to maintain a pre-determined orientation of 
the pivotal axis during operation of the electro-optical 
device. This is achieved in that the system of filamen- 
tary elements has an adequate stiffness in directions 
parallel to the X axis and the Y axis of said system of 60 
axes and in directions about the X-axis and the Y axis. 
This ensures, for example, that the holder, and in partic- 
ular the objective, cannot perform any pivotal move- 
ments about the X axis and the Y axis, which may result 
in disturbances and/or displacements of the light spot 65 
which is focussed on the optical disc. In particular 
changes in shapes of the light spot can be very annoy- 
ing, because they may give rise to coma. 



The above property, in combination with the gener- 
ally low mass of the filamentary elements, renders this 
embodimnt of the invention also interesting because a 
compliant, light-weight suspension for the focussing 
movements of the objective is very important to obtain 
a large travel of the objective with only a limited 
power. 

Further, it is to be noted that in the case of a symmet- 
rical weight distribution of the holder, this embodiment 
enables tracking movements of the objective to be ob- 
tained which are well defined and insensitive to shocks. 

Another suitable embodiment is characterized in that 
the filamentary elements are electrically conductive. 
This embodiment is of particular interest if one or more 
coils used as actuator elements are secured to the mov- 
able holder. The filamentary elements may then also be 
used as electrical conductors. 

DESCRIPTION OF THE DRAWING 

The invention will now be described in more detail, 
by way of example, with reference to the drawing, in 
which the sole FIGURE shows an exploded perspec- 
tive view of the electro-optical device in accordance 
with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The electro-optical device in accordance wtih the 
invention shown in the FIG. may be employed in an 
optical-disc player by means of which optical audio 
discs and/or optical video discs or optical data disc can 
be inscribed and/or read. Optical-disc players are 
known per se and will be described only in so far as this 
is necessary for a correct understanding of the inven- 
tion. 

The device comprises a stationary frame 2, compris- 
ing a basic part constituted by a deck plate 2A1 by 
means of which the frame 2 can be secured in said disc 
player, an upright wall 2A2 and a mounting element 
2A3,and which further comprises a rear wall 2B and a 
cover plate 2C. The rear wall 2B and the cover plate 2C 
are secured to the mounting element 2A 3 by means of 
one bolt 4 and two bolts 6 respectively. A system of four 
filamentary elements 8A, 8B, 8C and 8D is secured to 
the rear wall 2B, by means of which an optical holder 10 
which is movable relative to the system is suspended. 

An objective 12 is mounted in the holder 10, which 
may be made of a plastic, and comprises one or more 
lenses and an optical axis 12A. The objective serves for 
focussing a light beam emitted by a radiation source, for 
example a semiconductor laser, on the information sur- 
face of the rotating optical disc and for maintaining this 
beam in focus under operating conditions. For this pur- 
pose the objective 12 should be capable of performing 
limited movements along its optical axis, which move- 
ments are referred to as focussing movements. In the 
device in accordance with the invention focussing is 
effected by moving the holder 10 together with the 
objective 12 along the optical axis 12A. For this reason 
the holder 10 is surrounded by a focussing coil 14 which 
is adapted to cooperate magnetically with two magnets 
16 via two upright ferro-magnetic plates 2D secured to 
the deck plate 2A1 of the frame 2 and via air gaps 
formed between these plates 2D and the coil 14. The 
magnets 16 are clamped between the walls 2A2 and the 
plates 2D of the frame 2 and are magnetized as indicated 
by the arrows Bj=- in the drawing. The magnets 16 and 
the focussing coil 14 constitute the first actuator ele- 
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ment and the second actuator element respectively of 
the first actuator means of the electro-optical device 
mentioned in the introductory part. 

In addition to said focussing movements the objective 
12 must be capable of performing movements to main- 
tain the focussed radiation beam in the correct position 
relative to the information tracks of the rotating optical 
disc Generally, these movements are referred to as 
radial and tangential tracking movements. For the pur- 



and 8C, 8D are disposed are inclined at a small angle to 
one another, the distance between the relevant planes at 
the location where the ends of the wires 8A, 8B and 8C, 
8D are secured to the holder being smaller than at the 
location of their other ends. 

The right-hand part of the Figure shows an orthogo- 
nal system of axes XYZ, whose origin O is thought to be 
situated on the pivotal axis 18 in the holder 10, the 
Z-axis coinciding with the pivotal axis 18. The system 
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pose of radial tracking the electro-optical device may be 10 of wires 8A, 8B, 8C and 8D provides axial guidance 



arranged, in a manner knwon per se, on a slide of the 
Optical disc player, the slide performing radial move- 
ments viewed from the axis of rotation of the optical 
disc. Such a construction is decribed, for example, in 
Netherlands Patent Application No. 8500592 corre- 15 
spending to U.S. Pat. No. 4,694,442 herewith incorpo- 
rated by reference. Small tracking corrections can be 
effected by means of the electro-optical device in accor- 
dance with the invention itself, namely by pivoting the 
holder 10 together with the objective 12 through a 20 
limited angle about a pivotal axis 18 which extends 
parallel tot he optical axis 12A of the objective 12. For 
this purpose the device is provided with the second 

actuator means mentioned in the introductory part, w . — «~ y ^*>u 1B u«ui me appropriate mecnam- 
wnose first actuator element is constituted by a magnet 25 caJ and electrical properties, such as steel and phosphor- 
20 which is glued to the deck plate 2A1 of the frame 2 bronze. Alternatively, the wires may comprise several 
and whose second actuator element is constituted by a fibres some of which are electrically conductive, 
tracking coil 24 which is mounted in a bore 22 in the For completeness* sake it is to be noted that the scope 
optical holder 10, which bore is formed, for example, of the invention is not limited to the embodiment de- 
during injection-moulding of the holder 10. The coil 24 30 scribed herein. For example, it is possible to replace the 
is cylindrical and is wound in a manner known from cylindrical tracking coil in the present embodiment by a 
electric motor technology. Said magnet 20, which is plurality of tracking coils. Within the scope of the in- 
magnetized for example in the direction indicated by vention it is also possible to replace one or more mag- 
the arrow Brin the FIGURE, projects into the interior nets of the frame by one or more suitable coils, which 
space of the coil 24 and cooperates with the tracking 35 may be affected in combination with the replacement of 



along the Z-axis for the optical holder 10. As the points 
where the wires 8A, 8B, 8C and 8D intersect are situ- 
ated on the Z-axis, the holder 10 is also pivotable about 
the Z-axis in the indicated directions. It has been found 
that the system of wires 8A, 8B, 8C and 8D has an 
adequate stiffness to counteract displacements of the 
holder in the X and the Y directions of the system of 
axes and undesired rotations in the directions a and (S 
about the X axis and the Y axis respectively. 

Suitably, the wires 8A, 8B, 8c and 8D are electrically 
conductive, so that no additional electrical conductors 
are needed for supplying the electric currents to and 
from the coils. For this purpose the wires may be made 
of a material possessing both the appropriate mechani- 



coil 24 via the air gap formed between the magnet 20 
and the coil 24. When the coil 24 is energized it experi- 
ences a resultant magnetic force which is oriented trans- 
versely of the magnetic direction Br to pivot the holder 
10 about the pivotal axis 18. For the magnetic-flux cir- 40 
cuits of the actuator means the frame 2 is at least partly 
made of, in a suitable manner provided with, a ferro- 
magnetic material. 

As is apparent from the Figure the shape of the 
holder 10 is highly symmetrical, the pivotal axis 18 45 
being situated between the objective 12 and the tracking 
coil 24. The holder 10 enables the weight of the coil 24 
to be selected in such a way that a symmetrical weight 
distribution in the holder is obtained without thereby 
impairing the correct operation of the actuator means. 50 
Therefore, it is not necessary to balance the holder by 
means of an additional balancing element. 

The said filamentary elements 8A, 8B, 8C and 8D, 
which in the present example take the form of the 
lengths of wire of circular cross-section, are each 55 
clamped in the rear wall 2B at one of their ends and are 
pairwise clamped in anupright wall portion 10A of the 
holder 10 at their other ends. The Figure shows only 
one wall portion 10A, to which the wires 8 A and 8B are 
secured; the wall portion which is not visible and to 60 
which the wires 8C and 8D are secured is situated at a 
corresponding location near the underside of the holder 
10. The wires 8A, 8B and 8C, 8D are arranged in pairs 
in planes which extend at least substantially transversely 
of the pivotal axis 18, the pairs of wires 8 A, 8B and 8C, 65 
8D intersecting each other and their points of intersec- 
tion defining the pivotal axis 18. In the present embodi- 
ment the respective planes in which the wires 8A, 8B, 



the coils of the optical holder by magnets. 
What is claimed is: 
1. A device for optically scanning an information 
carrier, comprising: 

(a) a frame; 

(b) a movable member movable with respect to said 
frame having a central axis and two bores extend- 
ing parallel to said central axis and spaced symmet- 
rically with respect to said central axis; 

(c) means for allowing translation of said member 
along said central axis and rotation of said member 
about said central axis, and for preventing transla- 
tion and rotation of said member in other direc- 
tions; 

(d) an optical objective having an optical axis for 
focusing light, onto said information carrier, said 
objective being secured in one of said bores with 
said optical axis parallel to said central axis; 

(e) means for translating said movable member along 
said central axis comprising first and second trans- 
lation elements which cooperate electromagneti- 
cally, said first translation element being secured to 
said frame and said second translation element 
being secured to said movable member; and 

(f) means for rotating said movable member about 
said central axis comprisng first and second rota- 
tion elements which cooperate electromagneti- 
cally, said first rotation element being secured to 
said frame and said second rotation element being 
secured to said optical holder, the mass of said 
second rotation element being chosen to counter- 
balance the mass of said optical objective so that 
said movable member having said optical objective 
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and said second rotation element secured thereon is 
balanced about said central axis; and 
said first and second rotation elements being arranged 
with respect to said first and second translation 5 
elements so that said rotating means and said trans- 
lating means are electromagnetically isolated from 
each other. 

2. A device as claimed in claim 1, wherein said second 
rotation element comprises a first coil disposed in the 
other bore not having said optical objective and said 
first rotation element comprises a magnet having a mag- 
netic axis transverse to said central axis, said magnet 
extending into said other bore and said first coil. 15 

3. A device as claimed in claim 2, wherein said first 
coil is cylindrical. 

4. A device as claimed in claim 2, wherein said second 
translation element comprises a second coil disposed 2 o 
around the periphery of said movable member and said 
first translation element comprises a pair of magnets 
supported in said frame on respective sides of said mov- 
able member and a pair of ferro-magnetic plates ar- ^ 
ranged between said movable member and a respective 
magnet 

5. A device as claimed in claim 4, wherein said means 
for allowing translation and rotation of said member 
comprises four resilient wires each having a first end 30 
connected to said movable member and a second end 
connected to said frame, said wires being arranged in 
pairs each in a plane transverse to said central axis and 
spaced from each other along said central axis, the wires 35 
or each pair diverging relative to each other from said 
member towards said frame. 



6. A device as claimed in claim 5, wherein the wires 
of each pair have a mathematical point of intersection 
located on said central axis. 

7. A device as claimed in claim 6, wherein said wires 
are electrically conductive for energizing said first and 
second coils. 

8. A device as claimed in claim 1, wherein said second 
translation element comprises a second coil disposed 
around the periphery of said movable member and said 
first translation element comprises a pair of magnets 
supported in said frame on respective side of said mov- 
able member and a pair of ferro-magnetic plates each 
arranged between said movable member and a respec- 
tive magnet. 

9. In a device for optically scanning an information 
carrier having a first member and a second member 
carrying an optical objective having an optical axis, said 
second member being movable with respect to said first 
member, the improvement comprising: 

means for constraining the movement of said second 
member to translation along a single axis parallel to 
said optical axis and rotation of said second mem- 
ber about said single axis said means comprisng 
four resilient wires each having one end connected 
to said second member and another end connected 
to said first member, said wires being arranged in 
pairs each in a plane transverse to said single axis 
and spaced from each other along said single axis, 
the wires of each pair diverging relative to each 
other from said second member to said first mem- 
ber. 

10. A device as claimed in claim 9, wherein the wires 
of each pair have a mathematical point of intersection 
located on said single axis. 

11. A device as claimed in claim 10, wherein said 
wires are electrically conductive. 
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